The present study examined the effects of acute tryptophan (Trp) depletion (ATD), a well-recognized method to lower central serotonin (5-HT) metabolism, on brain activation during a facial emotion perception task. Brain activation was measured using fMRI, and healthy female volunteers with a positive family history of unipolar depression (FH + ) were compared to healthy female volunteers without such a history (FHÀ). Participants viewed two morphed faces and were instructed to choose between the faces based either on the intensity of the emotional expression (direct task) or the gender of the face (incidental task). In the FH + group, depletion led to the expected lowering of mood, which partly determined the effect of depletion on performance and brain activation. A stronger mood lowering effect was associated with less accurate performance on faces expressing a negative emotion in the incidental task and a stronger right amygdala response to fearful faces in comparison to happy faces. These results were explained in terms of a mood-induced bias leading to a stronger impact of the expressed negative emotion which subsequently leads to more interference in the incidental task and a stronger amygdala response. It was concluded that the effects of ATD on mood, performance, and brain activation in a facial emotion perception task depend on family history of depression. Performance and brain activation partly depend on the effect of ATD on mood.
INTRODUCTION
The neurotransmitter serotonin (5-HT) has long been implicated in mood regulation and affective disorders. A direct role of a serotonergic deficiency in depression remains to be established (Lacasse and Leo, 2005) , but central and peripheral markers of lowered 5-HT function have been observed in depressed patients, including low plasma tryptophan (Trp) levels, reduced platelet 5-HT uptake, decreased cerebrospinal fluid 5-hydroxyindoleacetic acid levels, and altered 5-HT receptor and 5-HT transporter binding, although not always consistently (see Schatzberg et al, 2002; Maes and Meltzer, 1995) .
One way to directly study the effects of 5-HT on mood and cognition is by means of acute Trp depletion (ATD). During an ATD session, volunteers ingest a Trp-depleted but otherwise balanced amino-acid mixture. The ingestion of this mixture causes a sharp drop in Trp plasma levels, which leads to a reduced availability of Trp in the brain. Trp is an essential amino acid and is the precursor of 5-HT and consequently a drop in central Trp levels leads to a drop in central 5-HT metabolism (eg Carpenter et al, 1998) .
The studies using ATD have reported a highly variable effect on mood of healthy volunteers, which appears to be dependent on individual characteristics. The majority of studies have found that healthy volunteers with no personal or family history of affective disorder and without specific genetic risk factors do not experience a mood lowering effect of ATD (eg Schmitt et al, 2000; Evers et al, 2005a, b) . On the other hand, healthy volunteers with a family history of affective disorder (eg Benkelfat et al, 1994; Neumeister et al, 2002) , patients with remitted depression (eg Booij et al, 2002; Neumeister et al, 2004) , and healthy volunteers with specific genetic risk factors like carriers of the short allele variant of a polymorphism in the promoter region of the 5-HT transporter gene (Neumeister et al, 2002) generally do experience mood lowering effects of ATD.
The results with respect to the effects of ATD on emotional behavior have also been somewhat variable. However, it seems to be clear that 5-HT plays a crucial role in emotional behavior (for a review, see Lucki, 1998 ). An important aspect of human emotional behavior is the ability to recognize emotions in other individuals, which is especially important in social interaction. One way to recognize these emotions is to monitor facial expressions, which appears to be disturbed in depression (Bhagwagar et al, 2004; Gur et al, 1992; Surguladze et al, 2004) . Gur et al found that depressed patients showed an overall stronger negative bias for recognizing emotional expressions and performed more poorly on discriminating happy and sad faces from neutral faces. On the other hand, Bhagwagar et al found that female volunteers whose depression was in remission showed enhanced recognition of fearful expressions. Finally, Surguladze et al (2004) showed that depressed patients had a stronger negative bias in categorizing facial expressions. In a number of studies, the effect of ATD on recognition of emotional face expressions has been studied, but the results of these studies are inconclusive. Harmer et al (2003) found that ATD decreased the recognition of fearful expressions in female volunteers, but not in males. On the other hand, Hayward et al (2005) reported that ATD enhanced the recognition of happy faces in a direct task for both sexes. Finally, Cools et al (2005) found that ATD did not affect recognition of facial expressions, but increased the blood oxygenation-level-dependent (BOLD) response at the border of the right amygdala and hippocampus in a contrast comparing fearful and happy facial expressions, but only in participants with high threat sensitivity scores as measured by the Behavioral Inhibition Scale (BIS, Carver and White, 1994) .
The variability in effects of ATD on recognition of emotional facial expressions might be related to the variability in effects on mood, and in this way to differences in vulnerability of participants to changes in central 5-HT levels. To test this hypothesis, we designed a study in which we examined the effects of ATD on behavior and brain activation accompanying the direct and incidental perception of emotional face expressions. We compared a group consisting of healthy female volunteers with a positive family history of unipolar depression (FH + ) with a matched group of healthy female volunteers without such a history (FHÀ). We hypothesized that the FH + group would experience the mood lowering effect of ATD (Benkelfat et al, 1994; Klaassen et al, 1999; Neumeister et al, 2002) , but not the FHÀ group (eg Schmitt et al, 2000; Evers et al, 2005a, b) . Both groups performed a facial emotion perception task which was developed by Winston et al (2003) . In this task, pairs of morphed faces with intense or weak emotional expressions, and higher or lower percentages of a male face were judged on the intensity of the expression (direct task), or the gender of the face (incidental task). Winston et al (2003) found amygdala and fusiform gyrus responses independent of task instruction for more intense expressions. Right superior temporal sulcus was especially active in the direct task with more intense expressions. Finally, enhanced ventromedial prefrontal and somatosensory cortex activation was found in the direct task. Due to the inclusion of only female participants, it was hypothesized that ATD would decrease recognition of fearful faces as was found in the female volunteers of the study of Harmer et al (2003) . Furthermore, it was expected that ATD would enhance the amygdala response to fearful faces, but that this effect would be dependent on threat sensitivity (Cools et al, 2005) . Due to the expected stronger mood response in the FH + group, we expected this group to show exaggerated brain responses in emotion-related areas, like the amygdala. Finally, we tested the hypothesis that both the effects on performance and brain activation would be modulated by the effect of ATD on mood.
METHODS

Participants
A total of 14 volunteers with a family history of unipolar depression (FH + ), and 19 healthy volunteers without a family history of depression (FHÀ) were recruited by advertisements in local papers and at the Maastricht University campus site. Family history of unipolar depression was defined as having at least one first-degree relative (father or mother, or brother or sister) who suffered from at least one confirmed episode of unipolar depression. The diagnosis was confirmed by their general health practitioner or psychiatrist. All participants were female and both groups were matched for age and educational level, which was measured on an eight-point scale. The participants' health was checked with an extensive medical questionnaire, which was evaluated by a medical doctor. Volunteers with a history of neurological or psychiatric disorders, other important health problems, excessive alcohol or drug use, present or past use of antidepressants or MDMA (ecstasy), and metal implants or other contra-indications for fMRI were excluded from this study. The ethical committee of University of Maastricht approved the study. All participants gave written informed consent and were paid 75 euro for their voluntary participation. In total, 13 participants belonging to the FH + group and 11 participants belonging to the FHÀ group were successfully scanned and had complete data. Age (mean7SEM: 21.470.6 in the FHÀ group vs 23.871.6 in the FH + group; p ¼ 0.2) and educational level (mean7SEM: 7.070 in the FHÀ group vs 6.570.3 in the FH + group; p ¼ 0.2) did not differ between the groups. Due to logistical problems, it was not possible to control for phase in the menstrual cycle. However, we did monitor menstrual phase, and post hoc tests showed that menstrual phase did not differ between groups (p40.5) and condition (p40.5).
Stimuli
Detailed description of the task and stimuli can be found in Winston et al (2003) . Participants viewed pairs of morphed faces and were asked to assess which face expressed the strongest emotion (direct task) or was most masculine (incidental task). The faces were morphed between a neutral face of a male or female and a face with an emotional (fear, disgust, happiness, sadness) expression of a person of the opposite sex, using commercially available morphing software (Morpher 2.0). Eight different faces were used in the present experiment. These faces were selected from the Ekman and Friesen (1978) series of emotional faces. The presented pairs of faces consisted either of two more emotional expressions (morphed face contains 70 or 90% of the face with the emotional expression; high intensity) or more neutral expressions (10 or 30% of the face with the emotional expression; low intensity). The two faces that were presented at the same time always expressed the same emotion and had the same identity; only the intensity of the expression and the percentage of one or the other identity differed. The pairs of faces were presented for a maximum of 2500 ms, but disappeared after a response was given (Inter-stimulus interval was 3000 ms). The stimuli were presented in blocks of 10, which consisted of eight different face pairs (the four different emotions at two intensity levels) randomly mixed with two null events. Each block was preceded by a short instruction, and the two types of tasks were sequentially presented.
Procedure
The experiment was conducted as a placebo-controlled, double-blind, crossover design. Participants were tested on two separate days that were at least 7 days apart. On one day, participants ingested the balanced amino-acid drink, and on the other day they ingested a Trp-depleted drink. The order was balanced between participants. The order of the TRPÀ and TRP + session was determined before the start of the experiment by the pharmacist and randomized across all subject numbers, independent of group membership. The experimenters were blind to this randomization and were given the mixtures on the basis of a participant and session number. The order was balanced across all sets of mixtures, but due to selective dropout the number of participants receiving the TRP + or TRPÀ mixture first differed. Participants were trained on a separate day, on which they received instructions for the tasks and performed two blocks of the task in a dummy scanner. On the testing days, the participants arrived between 0900 and 1300 hours, and were scanned between 1400 and 1800 hours. Participants were instructed to refrain from drinking alcohol on the night before the test day and they received a protein-poor breakfast package, which they could eat on the morning of the testing day. After arrival in the laboratory, the participants first completed the questionnaires (see Subjective measures session), and subsequently blood was drawn. Directly after that, they ingested the amino-acid drink, after which they relaxed for approximately 5 h. During this 5-h break, the participants could drink beverages without caffeine, and could eat protein-free food. Right before the scan session, the participants completed a new set of questionnaires and blood was drawn. In the scanner, the participants performed two blocks of the faces task which lasted about 13 min each. A structural brain scan was made between the two task blocks.
Amino-Acid Mixture
The contents of the two amino-acid mixtures were based on the proportions described by Young et al (1985) . The balanced mixture (78 g
.7 g L-valine, and 3.0 g L-Trp. For the Trp-depleted mixture (75 g), the 3.0 g L-tryptophan was excluded. Tap water (200 ml) was added to make the mixtures drinkable.
Subjective Measures
A visual analog version of the shortened Profile of Mood States scale (POMS; McNair et al, 1988 ) was used to assess mood. The POMS has been shown to be sensitive to detect ATD-induced mood changes in FH + subjects (eg Klaassen et al, 1999) . The questionnaire consists of 32 bipolar sets of adjectives, which measure five mood dimensions (anger, depression, fatigue, tension and vigor), which were scored on a 10-point scale. A separate questionnaire was used to assess bodily complaints. Finally, participants completed the translated version of the BIS/BAS scales (Carver and White, 1994) after completion of the whole study. These scales were used to assess the sensitivity of the Behavioral Inhibition System and the behavioral activation system McNaughton and Gray (2000) . BIS scores have been found to modulate ATD-induced BOLD responses in a facial emotion perception task (Cools et al, 2005 , see Introduction).
Biochemical Measures
Blood samples (10 ml) were taken to determine plasma amino-acid levels. The blood was centrifuged within 30 min at 41C, at 4000 r.p.m. for 10 min. After this, 100 ml plasma was mixed with 4 mg sulfasalicyl acid and frozen at À801C until analysis (van Eijk et al, 1994) . High-performance liquid chromatography (van Eijk et al, 1994) was used to determine plasma amino-acid concentrations. Total Trp and the ratio between Trp and other Large Neutral Amino Acids (LNAAs) are reported.
MRI Acquisition
Scanning was performed on a 1.5 Tesla Philips ACS-NT scanner (Philips Medical Systems, Best, The Netherlands). The functional scan session consisted of a single shot multiple slice T 2 *-weighted echo planar imaging (EPI) sequence, sensitive to the BOLD contrast. Scan parameters were TR ¼ 1.75 s, TE ¼ 27 ms, 24 contiguous axial slices, and a voxel size of 3.5 Â 3.5 Â 5 mm. Before the acquisition of the functional images started, two dummy full brain scans were acquired. For anatomical reference, a 3D T 1 -weighted fast-field echo scan was acquired with parameters TR ¼ 11 ms, TE ¼ 3.5 ms, and a voxel size of 1 Â 1 Â 1 mm.
Data Analysis
Biochemical results, subjective measures, and performance were statistically evaluated using SPSS (version 11.0; SPSS Inc., Chicago, IL). Accuracy was used as performance measure and was analyzed with a repeated-measurements General Linear Model (GLM) analysis with emotion (four levels; happiness, disgust, sadness, fear), instruction (direct vs incidental), intensity (intense vs weak), and condition (TRP + vs TRPÀ) as within-subjects factors; group (FH + vs FHÀ) as between-subjects factor; and order (TRPÀ first vs TRP + first) as covariate. Mood and biochemical results were analyzed with a repeated-measurements GLM with time (T0, right before ingestion of the AA mixture vs T5, 5 h after ingestion of the mixture) and condition as withinsubjects factors and order as covariate. The imaging data was analyzed using SPM2 (Wellcome Department of Cognitive Neurology, London, UK). First, the time series were corrected for differences in slice acquisition time and realigned. Subsequently, images from the second session were coregistered to the images from the first session, and images were spatially normalized to the standard Montreal Neurological Institute template. Finally, data were smoothed using an 8 mm Gaussian spatial filter and a high pass temporal filter.
A total of 16 different stimulus events were modeled separately with a simple hemodynamic response function. The four different emotional expressions, two different intensities, and two different task instructions yielded a total of 16 (4 Â 2 Â 2) separable stimulus events. The hemodynamic response function was modeled to the onset of the stimulus. Contrasts between intense and weak expressions, direct and incidental task instructions, and intensely fearful and happy expressions and their interactions with ATD, as well as the main effect of ATD were computed for each individual participant. Individual contrast images were taken to a second level analysis in which t-values were calculated for each voxel treating intersubject variability as a random effect. Instruction and stimulus-related effects and the interaction with ATD were tested using a one-sample t-test. Group differences were tested using a two-sample t-test. For localizing purposes, the Montreal Neurological Institute coordinates were converted to Talaraich coordinates using a dedicated script (mni2tal.m; available at http://www.mrc-cbu.cam.ac.uk/ Imaging/Common/mnispace.shtml).
First, a whole brain analysis was performed. The results from this analysis were thresholded at po0.001 uncorrected. Results are reported whenever a cluster was significant at po0.05 corrected, or the most significant voxel within a cluster was significant at po0.05 corrected. Second, region of interest (ROI) analyses were performed for areas where significant activation was expected according to our primary hypothesis using the WFU PickAtlas (Maldjian et al, 2003) . Due to the key role of the amygdala in emotion, ROI analyses for the left and right amygdala were performed for all contrasts. These ROIs were based on the Talairach Daemon database (Lancaster et al, 2000) , which was also used to determine anatomical labels for the specific Talairach coordinates. Based on the study performed by Winston et al (2003) , who used exactly the same task in healthy volunteers, specific ROIs were defined for the different contrasts. Based on the center of activation reported in the Winston et al study, corresponding ROIs were selected from the WFU PickAtlas. For the contrast comparing intense expressions with weak expressions, the bilateral fusiform gyrus was selected as ROI. For the contrast comparing the direct and the incidental task, the bilateral anterior and posterior cingulate cortex, right somatosensory cortex, right superior temporal sulcus, and bilateral insula were selected as ROIs.
RESULTS
Mood
No significant differences were observed between the TRP + and TRPÀ session in the baseline ratings of the summed POMS scores. The repeated-measurements GLM analysis with time, condition, and group as factors and order as covariate revealed no significant effects on the summed POMS scores. Due to the specific hypothesis that ATD would affect mood in the FH + group, we performed a GLM analysis with time and condition as within-subjects factor and order as a covariate for the FH + group only. This analysis revealed the expected significant interaction between time and condition, F(1,11) ¼ 6.0, po0.05. Follow-up analyses showed a higher summed POMS score at T5 as compared to T0 in the TRPÀ condition only, and further follow-up analyses in which the subscales were analyzed separately showed a significantly higher score on the depression and the fatigue subscales in the TRPÀ condition, whereas no effects could be found in the TRP + condition.
Performance
Accuracy was statistically evaluated with a GLM analysis with emotion, instruction, intensity and condition as within-subjects factors, group as between-subjects factor, and order as covariate and is presented in Table 1 . This analysis showed that intensity, F(1,21) ¼ 10.7, po0.005, had a main effect on accuracy. On average, all participants performed more accurately on the faces displaying more intense emotions. Furthermore, interactions were found between intensity and instruction, F(1,21) ¼ 26.1, po0.0005, between instruction and ATD, F(1,21) ¼ 9.9, po0.01, and between instruction, order, and ATD, F(1,21) ¼ 9.4, po0.01. Follow-up analyses showed that only in the direct task the intensity of the expressed emotion affected accuracy levels. Further follow-up analyses showed that ATD only affected accuracy in the incidental task. However, this effect of ATD could be completely explained by a task order effect. Accuracy was higher in the first session leading to higher scores in the TRP + condition when this was the first session and lower accuracy scores when this was the second session.
A second set of analyses was performed to examine the effects of an ATD-induced change on the depression subscale of the POMS. We used intensity, instruction, and emotion as within-subjects factors, and the ATD-induced mood effect (POMS depression subscale score at T5 minus score at T0) as covariate. These analyses were performed for the TRPÀ condition and the FH + group only because only in this condition and in this group a significant effect on mood was found. This analysis revealed the expected main effect of intensity, F(1,11) ¼ 40.2, po0.0005, and two-way interaction between intensity and instruction, F(1,11) ¼ 167.9, po0.0005. Furthermore, a main effect of emotion, F(3,9) ¼ 3.8, po0.05, a two-way interaction between emotion and intensity, F(3,9) ¼ 28.8, po0.0005, and a two-way interaction between instruction and emotion, F(3,9) ¼ 14.2, po0.0005, were found. Most interestingly, the ATD-induced mood effect significantly interacted with emotion and intensity, F(1,11) ¼ 8.4, po0.01. Follow-up analyses, in which correlations were computed between the mood effect and performance related to the different stimulus conditions, showed that there was a significant negative correlation between the mood effect and performance on intense sad and fearful faces in the incidental task and weak faces expressing disgust in the incidental task. For these particular face stimuli, stronger effects on mood (higher score on depression subscale of the POMS) were accompanied by less accurate responses.
Imaging
Overall effects. The overall effect of ATD on brain activation in the facial emotion perception task was evaluated with a contrast in which all stimulus events of the TRPÀ condition were compared with all stimulus events in the TRP + condition. Although the whole brain analysis did not reveal significant effects, ROI analysis revealed that ATD increased activation in the right amygdala (z ¼ 3.09, p ¼ 0.031, MNI coordinates x, y, z ¼ 24, 0, À20). Percent signal change in the right amygdala in response to the different conditions is shown in Figure 1 . The effect of group was evaluated with a two-sample t-test, which did not reveal significant effects.
Intense vs weak expressions. The BOLD response related to the intensity of the facial expression was examined by comparing intense and weak expressions. The results of these analyses are presented in Table 2 . First we examined the intensity effect independent of depletion condition and group membership. It was found that more intense expressions were accompanied by increased activation in the right amygdala, bilateral fusiform gyrus, right medial frontal gyrus, right middle frontal gyrus, right cuneus, and right insula. ATD and group did not modulate the BOLD response in this contrast.
Direct vs incidental task. The contrast examining the effect of type of task independent of ATD and group membership revealed that the direct task was accompanied by additional activation in the right superior temporal gyrus (z ¼ 3.80, (4) 67 (4) 70 (5) 62 (5) Weak 65 (4) 66 (3) 69 (6) 66 (5) FH+ (N ¼ 13) (2) 94 (1) 87 (2) 88 (2) Weak 62 (6) 46 (5) 40 (3) 43 (5) Incidental Strong 68 (4) 63 (4) 67 (3) 64 (3) Weak 68 (5) 65 (5) 67 (5) 71 (5) TRPÀ Direct Strong 89 (5) 88 (5) 81 (3) 86 (3) Weak 64 (5) 38 (3) 37 (4) 47 (4) Incidental Strong 60 (5) 64 (6) 68 (5) 67 (4) Weak 64 (5) 68 (5) 71 (4) 69 (5) Figure 1 Percent signal changes as computed by Marsbar (Brett et al, 2002) in the right amygdala in response to different facial expressions. Expressions differed with respect to the strength of the expression (weak vs strong) and task instruction (direct vs incidental task). Faces were presented in Trp depletion (TRPÀ) and the balanced (TRP + ) condition.
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cluster level p ¼ 0.001, MNI coordinates x, y, z ¼ 40, À54, 18). ATD and group did not modulate the BOLD response in this contrast.
Fearful vs happy faces. The BOLD response related to the difference between happy and fearful faces was examined by contrasting intense fearful and happy faces. No significant activation was found in this contrast, and group and ATD did not modulate activation in this contrast.
In an additional analysis, we tried to replicate the results of Cools et al (2005) who reported that the BIS score was an important predictor of the effect of ATD on right amygdala activation in a contrast comparing fearful and happy faces. They found this effect using a simple regression analysis. Therefore, a similar regression analysis was performed for all participants with a valid BIS score (N ¼ 19) for the contrast in which the modulating effect of ATD on the fearful-happy faces' contrast was examined. The analysis, in which we used the amygdala as an ROI, replicated the findings of Cools et al (2005) . Threat sensitivity, as measured by the BIS, significantly correlated with the modulating effect of ATD on brain activation in the right amygdala (z ¼ 2.96, p ¼ 0.047, MNI coordinates x, y, z ¼ 26, À4, À14). Whole brain analyses did not reveal any significant correlated activation changes in other brain regions.
In a final analysis, we examined whether the ATDinduced mood effects modulated the ATD-induced changes in brain activation in the previously described contrast in which the modulating effect of ATD on the fear-happy contrast was examined. A simple regression analysis was performed with the ATD-induced effect on the depression subscale of the POMS as covariate. As is shown in Figure 2 , this analysis revealed that the mood effect significantly correlated with activation in the right amygdala (z ¼ 3.06, p ¼ 0.047, MNI coordinates x, y, z ¼ 26, 0, À18). Whole brain analyses revealed an additional significant effect in the ventromedial prefrontal cortex (z ¼ 4.18, cluster level p ¼ 0.02, MNI coordinates of peak voxel x, y, z ¼ 16, 60, 4). This cluster partly overlapped with the rostral part of the anterior cingulate cortex (ACC). Recent findings suggested that activation in the rostral part of the ACC is part of a functional loop including the caudal part of the ACC and the amygdala (see Discussion for details), but that the caudal part of the ACC shows an opposite activation pattern to the amygdala and the rostral part of the ACC. In a final exploratory analysis, we therefore examined whether parts of the ACC correlated negatively with the mood effect in an analysis with the ACC as ROI. This analysis revealed a not significant negative correlation in a cluster in the caudal part of the ACC (z ¼ 3.24, corrected cluster level p ¼ 0.28, uncorrected voxel level p ¼ 0.0006, MNI coordinates of peak voxel x, y, z ¼ À6, 22, 28).
Biochemical Data
Blood samples of 21 participants were suitable for biochemical analysis. A paired-samples t-test revealed that baseline Trp levels and the plasma ratio Trp/SLNAA did not differ between the TRP + and the TRPÀ sessions. A repeated-measures GLM with time and condition as within-subjects factors, group as between-subjects factor, and order as covariate revealed the expected main effects of time, F(1,18) ¼ 10.75, po0.005, and ATD, F(1,18) ¼ 16.6, po0.005, and an interaction between these two factors, F(1,18) ¼ 19.8, po0.0005 for Trp levels. On average, Trp levels were higher in the TRP + session and higher at T5. Follow-up analysis showed that Trp levels decreased from T0 to T5 in the TRPÀ condition (mean7SEM; 4272 mM/l at T0 vs 1071 mM/l at T5) and increased in the TRP + condition (mean7SEM; 4171 mM/l at T0 vs 132715 mM/l at T5). By using the same statistical design for the ratio data, we found a main effect ATD, F(1,18) ¼ 10.5, po0.005, and an two-way interaction between time and ATD, F(1,18) ¼ 17.4, po0.005. Ratios were lower in the TRPÀ condition and follow-up analyses showed that the ratio decreased from T0 to T5 in the TRPÀ condition (mean7 SEM 0.1270.006 vs 0.0170.002), whereas no difference was found in the TRP + condition (mean7SEM 0.1170.004 vs 0.1370.010). Group membership and order did not affect Trp levels or plasma ratio Trp/SLNAA values.
DISCUSSION
The present study examined the effects of ATD on mood, brain activation and performance in a facial emotion perception task in healthy female volunteers with or without a family history of unipolar depression. Pairs of faces displaying a weak or a strong emotion were presented and participants performed a direct or an incidental task. Brain activation in the task was generally in line with the previous study using this paradigm (Winston et al, 2003) . ATD lowered mood in the FH + group and this ATD-induced mood effect was associated with worse performance for negative expressions in the incidental task and with 5-HT modulation of face processing FM van der Veen et al stronger amygdala responses to intense fearful faces as compared to happy faces. ATD differentially affected mood in the FH + and the FHÀ group, which supports our hypothesis. Subjective mood ratings of the FHÀ group were not affected by ATD. This is in line with previous studies in which it is generally found that ATD does not affect subjective mood ratings of participants without a personal or family history of affective disorders (eg Schmitt et al, 2000; Evers et al, 2005a, b) . Also in line with previous studies is the finding that ATD did affect subjective mood ratings of the FH + group, that is, this group showed higher summed POMS scores and higher scores on the depression and the fatigue subscales. Mood lowering effects of ATD in FH + participants are reported in a number of studies (Benkelfat et al, 1994; Klassen et al, 1999; Neumeister et al, 2002) , whereas only one study reported no effect of a positive family history (Ellenbogen et al, 1999) . It should be noted that the exceptionally high dropout rate in the study reporting no effect could have influenced the results.
ATD did not directly affect performance in the present study, which is contrary to our hypothesis. However, it is more or less in line with previous studies, which also reported weak and inconsistent behavioral effects (Hayward et al, 2005; Harmer et al, 2003; Cools et al, 2005) . As was suggested in the Introduction, these inconsistencies might be related to the large individual differences in the behavioral response to ATD. In the present study, it was found that performance was modulated by the effect that ATD had on mood. It was found that accuracy scores for fearful or sad expressions in the intense condition or disgust expressions in the weak condition of the incidental task correlated negatively with the ATD-induced change in the score on the depression subscale of the POMS. In other words, a higher depression score was accompanied by less accurate performance. The fact that these effects were only significant in the incidental task might be explained in terms of stronger interference. In the incidental task, participants had to focus on the gender of the face and had to ignore the emotional expression. A stronger effect on mood might have led to a stronger shift in attentional bias towards the more negative emotional content. In this way, the negative expressions that had to be ignored might have had a stronger impact on the decision process and this might have interfered with the main task leading to less accurate responses.
The suggested stronger impact of negative expressions in participants characterized by a stronger effect of ATD on mood was confirmed in the analysis in which correlations were computed between the ATD-induced subjective mood effect and the modulatory effect of ATD on brain activation related to the difference between fearful and happy facial expressions. In this analysis, it was found that a stronger mood effect goes together with stronger right amygdala and right ventromedial prefrontal cortex activation in the contrast comparing intense fearful and happy expressions. It should be noted that we did not find the expected stronger activation of emotion-related areas for the FH + group as a whole. This is possibly due to variability in the subjective mood response, which was almost absent in some participants and very strong in other participants. In a recent study, Talbot and Cooper (2006) reported that activation in the subgenual part of the anterior cingulate cortex, posterior BA 11 and BA 47, caudate nucleus, and ventral striatum correlated significantly with the ATDinduced mood change. These areas did not overlap with our significantly correlating areas. A possible explanation for this difference might be that Talbot and Cooper examined resting state activation, whereas the present study examined activation differences between fearful and happy faces. In the present design, it was impossible to quantify resting state brain activation. Both the amygdala and the ventromedial prefrontal cortex have been implicated in the processing of emotional stimuli. For instance, Taylor et al (2003) showed that strong amygdala responses could be found when emotionally salient pictures were passively viewed, whereas the ventromedial cortex was more active when the pleasantness of these pictures had to be rated. On the basis of a picture viewing study, Grimm et al (2006) argued that activation in the ventromedial prefrontal cortex is especially sensitive to the valence of the emotional stimulus.
An additional finding was that we replicated the findings of Cools et al (2005) , who reported a threat sensitivitydependent effect of ATD on the right amygdala response to fearful faces in healthy males. The participants with higher threat sensitivity scores showed stronger amygdala responses in the TRPÀ condition. This replication shows that this effect appears to be independent of the gender of the participants, because in the present study only healthy female volunteers were included, whereas Cools et al included only healthy males. This finding was explained in terms of a stronger sensitivity of brain areas involved in the processing of fear stimuli in individuals with a high BIS score, which is possibly mediated by the 5-HT system. The finding that especially the amygdala is responsive to serotonergic manipulations is in line with a number of previous studies reporting modified amygdala responses as a result of 5-HT manipulations (eg Sheline et al, 2001; Fu et al, 2004; Del-Ben et al, 2005) .
Besides the earlier discussed mood and personality related effects of ATD on brain activation, ATD also directly influenced brain activation. ATD generally increased right amygdala activation in the contrast comparing all stimulus events of the TRPÀ condition with all stimulus events in the TRP + condition. The effects of ATD on amygdala activation are in line with findings of several other studies reporting sensitivity of the amygdala to serotonergic manipulations (eg Sheline et al, 2001; Fu et al, 2004; Del-Ben et al, 2005) . These findings are also in line with studies reporting an enhanced amygdala response to fearful stimuli in carriers of the short allele variant of a polymorphism in the promoter region of the 5-HT transporter gene (eg Hariri et al, 2002) , who are characterized by a lowered 5-HT metabolism. This enhanced amygdala response is possibly related to reduced inhibition by the caudal or supragenual part of the anterior cingulate cortex (cACC; Pezawas et al, 2005) . The amygdala appears to be part of a functional loop in which the amygdala projects to the subgenual or rostral part of the anterior cingulate cortex (rACC; Stefanacci and Amaral, 2002) . The rACC has excitatory connections with the cACC that inhibits activation in the amygdala. It has been suggested that this loop is involved in fear extinction (eg Sotres-Bayon et al, 2006) and that especially the perigenual (supra-and subgenual parts combined) part of the ACC is strongly dependent on 5-HT metabolism (Varnas et al, 2004) . Our findings of stronger amygdala activation going together with lower 5-HT availability are clearly compatible with the existence of such a loop. Moreover, the described enhanced activation of the ventromedial prefrontal cortex could also be seen as compatible. Part of this cluster overlapped with the rACC, and due to the strong projections from the amygdala to the rACC, it would be expected that activation in this area would go together with amygdala activation. Finally, an exploratory analysis of the activation in the cACC showed that there was a trend towards a correlation between activation in this area and mood that was opposite to the correlations found in the amygdala and the rACC. This is also in line with the proposed inhibitory connections between the cACC and the amygdala.
Some caution is warranted as the participants in the present study were all female and relatively young. Previous research (eg Harmer et al, 2003) has shown that gender is an important factor in determining the effects of ATD. Furthermore, the relatively young age of the participants means that some of them have an increased risk to develop depression. Future studies should take these factors into account.
In conclusion, this study provided more evidence for the variable effects of ATD on mood, behavior, and brain activation and for a number of key factors determining the precise effects of ATD. First, genetic factors play an important role, that is, people with specific genetic risk profiles such as the FH + group in the present study are more vulnerable to the mood lowering effects of ATD and show different brain responses to ATD. Furthermore, personality traits that do or do not depend on this genetic risk profile play a key role in determining the brain response to ATD. Finally, the mood lowering effect of ATD is important in determining the behavioral and neural responses to ATD. Future studies using ATD should take these factors into account and in this way they might shed more light on the complex interplay between environmental and genetic factors determining the effects of ATD on mood, behavior, and brain activation.
